Proteolytic enzymes considerably decrease the high viscosity and gel-forming properties of the non-diffusible water-soluble mucus from pig gastric mucosa. Pronase, pepsin, trypsin or thermolysin for 24 h at 37" decrease the specific viscosity by between 60-72%
BIOCHEMICAL SOCIETY TRANSACTIONS fraction RICo (not adsorbed to C. ensiformis lectin); (2), fraction Ro (not adsorbed to R . sanguinis agglutinin) subfractionated into ROWl (adsorbed to wheat germ agglutinin and eluted by 0.2 ~-N-acetylghcosamine) and ROWo (not adsorbed to wheat germ agglutinin). The latter fraction was again separated into a RoWoCl (adsorbed to C. ensiformis lectin) and RoWoCo (not adsorbed to any of these lectins). Table 1 shows that the C. ensiformis lectin-bound fractions weremarkedly enriched in mannose and N-acetylglucosamine relative to other sugars. All lectin-bound fractions were markedly enriched in sugar relative to protein. Polyacrylamide-gel electrophoresis in the presence of sodium dodecyl sulphate showed that each fraction adsorbed to the lectins contained several protein bands (Fig. 1 ). All these bands stained with a periodateSchiff reagent, indicating that a given lectin bound several glycoproteins. In contrast, the adsorption of some brain glycoproteins to more than one lectin, as in fraction RIC1, could suggest that a given glycan could accept several lectins, or that a given polypeptide has more than one type of glycan. Affinity chromatography on immobilized lectins can be useful for fractionating insoluble glycoproteins, because relatively concentrated glycoprotein fractions can be obtained. Further resolution of these fractions can be envisaged by using other lectins, coupled with separation on the basis of molecular weight by gel filtration or preparative acrylamide-gel electrophoresis in the presence of sodium dodecyl sulphate.
This method of separation applied to plasma membrane glycoproteins from brain cells could be of great interest in view of the effects of lectins upon the growth of neuronal processes in tissue culture (Pyke & Dent, 1971 ; Treska-Ciesielski et al., 1971). water-soluble mi:ciis Incubation mixtures (10ml) contained water-soluble mucus (6.3-7.8mg/ml), 0 . 2~-ammonium acetate, 0.02 % (w/v) sodium azide buffer and 1 mg/ml of trypsin (specific activity 10000 BAEE units/mg) or Pronase (specific activity 45000 units/g). The mixtures were continuously shaken at 37°C for 72h, further additions of enzyme being made after 24 h and 48 h. Samples (2ml) were withdrawn at intervals and the specific viscosities estimated. A, trypsin l.Omg/ml, A, control (no trypsin), Q, Pronase l.Omg/ml, 0, control (no Pronase).
( Fig. 1 ). Longer incubations with more enzyme do not further affect the viscosity. A small amount of endogenous 'mucolytic' activity in the mucus causes a slow and continuous fall in its viscosity in the absence of added enzyme. A mucoprotein of mol.wt. 2.3 x 106 purified from water-soluble mucus has been shown to be responsible for its viscous and gel-forming properties (Allen & Snary, 1972) Therefore, changes in the viscosity of the mucus on proteolytic digestion imply changes in the structure of the mucoprotein. This mucoprotein is isolated without enzymic digestion, free from non-covalently bound protein, by density-gradient centrifugation in a CsCl gradient, followed by gel filtration on Sepharose 4B (Starkey et al., 1972) . The mucoprotein is completely excluded on Sepharose 4B and gives a single peak of s ; ! , 30.5 S on sedimentation analysis. It contains fucose (1 1.3 %), galactose (26%), glucosamine (19.5%), galactosamine (8.3 %) and protein (13.6%).
2.3 x lo6) from the water-soluble mucus gave a peak partly included on Sepharose 4B, containing all the digested mucoprotein, and a totally included peak consisting of peptides and undigested trypsin only. The trypsin-digested mucoprotein had a slighlty higher carbohydrate content and a significantly lower protein content (10.5 %) than the undigested material described above. The amino acid analyses of mucoprotein from different trypsin digests were consistent and showed that, of the major amino acids in the undigested mucoprotein, serine, threonine, proline, leucine and isoleucine were conserved (less than 15 % decrease). There was a large loss of aspartic acid, glutamic acid, valine and alanine (50 % or more decrease). Theconservationof serineand threonine is to be expected since these are the amino acids involved in the carbohydrate linkage 17.2s giving a molecular weight, 9 . 8 4~ lo5. Thus, trypsin splits the mucoprotein into two subunits of about equal molecular weight (Scheme 1).
Pronase digestion of the purified mucoprotein yielded a major digestion product that was completely excluded on Sepharose 4B. Chemical analysis of this Pronase-digested mucoprotein showed an increase in the proportion of carbohydrate together with a decrease in the proportion of protein (9.3 %). Further, of the major amino acids in the undigested mucoprotein only threonine and serine were conserved (16 % loss), there being considerable loss of proline (36% loss) as well as leucine, isoleucine, aspartic acid, glutamic acid, valine, alanine and glycine (45-74 % loss). Sedimentation-velocity analysis of the Pronase-digested mucoprotein gave an s, ", , , . , value of 26.5 S and a molecular weight of 1.51 x lo6. This digested mucoprotein accounted for about 80% of the material present, the remainder being visible as a slowly sedimenting peak of s; , , , .
5.9 S. This 5.9 S material was totally included on Sepharose 4B and contained fucose. These results show that Pronase digestion produces a subunit three-quarters of the molecular weight of the parent mucoprotein and that most, if not all, of the remaining mucoprotein can be accounted for as relatively low-molecular-weight mucoprotein and peptides (Scheme 1). Higher concentrations or further additions of enzymedid not change the amino acid composition or the sedimentation characteristics of the Pronase-or trypsin-digested mucoproteins.
2.3 x lo6) from gastric mucus is composed of subunits each of which comprise one-quarter of its molecular weight (Snary et al., 1970) . The disulphide bridges (39/molecule) joining the subunits together are split by reducing agents (2-mercaptoethanol) resulting in a large decrease in the specific viscosity of the mucoprotein. Treatment of the trypsin-digested and Pronase-digested mucoproteins with mercaptoethanol in both cases gave subunits of a molecular weight close to that of the subunit from the undigested mucoprotein (Scheme 1) and in each case gave no other products. Thus, the trypsin-treated and Pronase-treated mucoproteins consist respectively of two and three partially digested subunits still joined by disulphide bridges. Why pronase, which removes the most amino acids, splits the mucoprotein into one small The mucoprotein subunit and one large subunit whereas trypsin splits it into two subunits of intermediate size is not clear. Explanations for this could be a difference in the amino acid sequence of the individual subunits and/or a conformational change of the protein after initial digestion by Pronase, which renders part of the protein resistant to further attack. Conformational changes induced by KCI and CsCl have been shown to occur in the mucoprotein (Snary et a/., 1971,1972) . The presence of aspartic acid as the only N-terminal amino acid in the intact mucoprotein is a pointer against the subunits having a different amino acid composition.
The results from enzymic digestion studies together with those from reduction of the mucoprotein with mercaptoethanol shows that the protein is not just a support for the polysaccharide, but contributes to the overall conformation of the molecule. Disruption of this conformational structurewith proteolyticenzymes, ormercaptoethanol causes loss of the viscous and gel-forming properties of the mucus which are essential for its function in vivo.
